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I.

INTRODUCTION

East of the Continental Divide, Colorado's Rocky Mountains whittle away into rolling foothills before succumbing to sprawling cities and
the endless range. Both people and industry have relocated en mass to
Colorado's Eastern Slope, which is framed by the jagged silhouette of
121
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the mountains and basks in the sin of near perpetual sun. Beneath this
picturesque setting, however, looms a water supply crisis. Below the
surface of dry grasses, hills, and highways lay the Denver Basin aquifers.
Within these aquifers are hundreds of millions of acre-feet of water
that have fueled agriculture and recent urban development, particularly in the southern Denver metro area. However, these aquifers are
finite and cannot support the current rate of groundwater withdrawal
indefinitely. Furthermore, atop this hydrological reality lay the strata
of Colorado groundwater law. Because Colorado groundwater law
rarely parallels hydrology, it serves to complicate management of Colorado's groundwater.
This article analyzes the sustainability of the Denver Basin aquifers
considering current conditions and possible future modifications. Accordingly, Section II examines the hydrology of the Denver Basin aquifers and discusses the problems associated with their development.
Section III reviews Colorado groundwater law as it applies to the Denver Basin aquifers. Section IV compares the hydrology and the legal
regime of the Denver Basin aquifers, discussing problems and suggesting possible solutions. Lastly, section V offers some closing comments.
H.

HYDROLOGY OF THE DENVER BASIN AQUIFERS

The Denver Basin aquifer system consists of four aquifers located
just east of the Front Range.' The Denver Basin aquifers are located in
the Denver Basin, a geological structure that is in the Great Plains
physiographic province.2 The aquifers underlie a 6,700 square mile
area from Weld County in the north to El Paso County in the south,
and stretch from Jefferson County in the west to the eastern portions
of Adams, Arapahoe, and Elbert Counties.' The four aquifers lay one
atop another.' Hydrologists estimate that the Denver Basin aquifers
store 470 million acre-feet of water.' However, the theoretical amount
of recoverable water is significantly smaller. Engineers have calculated
that 292 million acre-feet are potentially recoverable, although recent
data suggests the realistically recoverable amount may be only 206 million acre-feet.' Furthermore, the quantity of economically recoverable
1. U.S. GEOLOGICAL SURVEY, GROUND WATER ATLAS OF THE UNITED STATES, DENVER
BASIN AQUIFER SYSTEM fig. 80 (1995), availableat

http://capp.water.usgs.gov/gwa/ch-c/peg/C80.jpeg (last visited November 6, 2005)
[hereinafter U.S. GROUND WATER ATLAS].
2.
RALF TOPPER ET AL., GROUND WATER ATLAS OF COLORADO 85 (2003) [hereinafter
COLORADO ATLAS].

3. Id.
4.

Id.

5.

Id. at 93.

See also S.G. ROBSON, BEDROCK AQUIFERS OF THE DENVER BASIN: A

QUANTITATIVE WATER RESOURCES APPRAISAL, U.S. GEOLOGICAL SURVEY PROF. PAPER

66 (1987).
6. COLORADo ATLAS, supranote 2, at 93.
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ground water from the Denver Basin aquifers may be significantly
smaller than these estimates. This section discusses the physical characteristics of the Denver Basin aquifers and then examines their use
and development.
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A. Hydrogeologic Units of the Denver Basin
The Denver Basin aquifer system consists of four aquifers that lay
one atop another, centered below the Castle Rock conglomerate formation.9 In descending order, the aquifers are the Dawson, the Denver, the Arapahoe, and the Laramie-Fox Hills. The Denver Basin aquifers are generally under confined conditions, except for the Dawson
aquifer and the outcrop areas of the other aquifers."

7. See id.
8. U.S. GROUND WATERATLAS, supra note 1, fig. 80.
9. U.S. GROUND WATER ATLAS, supra note 1, fig. 81. The Castle Rock conglomerate
formation is comprised of conglomerate, sandstone, and tuff. S.G. ROBSON ET AL.,
STRUCTURE, OUTCROP, AND SUBCROP OF THE BEDROCK AQUIFERS ALONG THE WESTERN
available at
tbl. 1 (1998),
BASIN,
COLORADO
OF THE
DENVER
MARGIN

http://rockyweb.cr.usgs.gov/frontrange/water/bedaqmapping/robsonfig.l ,2.pdf (last
visited November 5, 2005) [hereinafter MAP 1]. The geohydrologic unit is comprised
of unsaturated tertiary rocks that reach a thickness of 100 feet. Id.
MAP 1, supra note 9, tbl. 1. See also COLORADO ATLAS, supra note 2, at 92 (show10.
ing the extent of confined and unconfined aquifer conditions as of 1978).
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The Dawson aquifer is the smallest and closest to the surface, underlying an area of 1,400 square miles, extending north of Aurora, east
of Kiowa, and south of Monument." Unlike the other Denver Basin
aquifers, the Dawson aquifer is fully unconfined." Although the Dawson formation varies from a few feet to 1,200 feet in thickness, the saturated portion may only be 400 feet thick. In the northern portion of
the basin, a 50-foot thick layer of shale divides the aquifer into upper
and lower units. Typical well yields vary from 50 to 150 gallons per
minute ("gpm")," although wells in areas of good permeability may
yield up to 200 gpm.1' A twenty-five to fifty foot thick layer of relatively
impermeable shale separates the Dawson and Denver aquifers.' "
The Denver aquifer is larger and deeper than the Dawson aquifer.
It underlies an area of 3,500 square miles, extending north to the city
of Brighton, east to the plains, and south to Colorado Springs." The
thickness of the Denver geological formation ranges from 800 to 1,000
feet." The saturated portion, or aquifer, ranges from 100 to 350 feet,

11.

U.S. GROUND WATERATLAS, supra note 1, fig. 81.

12.
13.

COLORADo ATLAS, supra note 2, at 87.
Id. at 92.
COLORADo ATLAS, supra note 2, at 87.

14.
15.

Id. at 87-8.

16. Chris Sanchez, Bishop-Brogden Associates, Inc., American Water Resources
Association - Colorado Section Presentation: Recent Water Level Changes in the Denver
Aquifer
Basin
Bedrock Aquifers
(March
29,
2003),
available at
http://www.awra.org/state/colorado/DENVERBASIN4-29-2003.pdf (Last visited No-

vember 5, 2005).
17. MAP 1, supra note 9, tbl. 1.
18.
19.
20.

COLORADO ATLAS, supra note

Id. at 87-8.
Id. at 88.

2, at 88.
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although it may be as deep as 500 feet." Well yields from wells drilled
into the Denver aquifer are low because of the predominant shale and
claystone deposits.' Typical yields vary from 20 to 50 gpm, 2 upwards to
150 to 200 gpm, but 300 gpm is achievable if the well is completely
within a sandstone layer.2 4 A fifty-foot layer of shale underlies the Denver aquifer, separating it from the Arapahoe aquifer.
The Arapahoe aquifer is somewhat larger than the Denver aquifer,
underlying 4,700 square miles, extending north to Fort Lupton and
slightly farther east and south.' The Arapahoe geological formation is
generally 400 to 700 feet thick, but at its center, the formation reaches
a thickness of up to 2,200 feet.26 The saturated thickness of the aquifer
ranges from zero feet near the perimeter to a maximum of 400 feet in
the center.27 In the northern areas, a layer of shale, between 50 and
100 feet thick divides the sandstone and siltstone layers into upper and
lower hydrologic units.' Well yields in the Arapahoe aquifer are high
and the water is generally under artesian pressure.' Well yields of over
300 gpm are typical, although yields of 700 gpm are possible.' The
Upper Laramie Formation, which is up to 400 feet thick and consists of
shale, interbedded siltstone, very fine-grained sandstone, and seams of
subbituminous coal, underlies the Arapahoe aquifer.'
The Laramie-Fox Hills aquifer is the largest in area and deepest of
the Denver Basin aquifers. This aquifer underlies 6,700 square miles of
the basin, marking the "extent of commercially economic groundwater [sic] ...for the Denver Basin." " The Laramie-Fox Hills aquifer
lies three thousand feet beneath Parker, Colorado.' Although the aquifer is 350 feet thick, the saturated layer of the aquifer rarely exceeds
200 feet in thickness.' Typical well yields range from 100 to 150 gpm,
although 300 gpm is possible.' Underneath the Laramie-Fox Hills aquifer, a layer of Cretaceous Pierre shale up to 8,000 feet thick forms the
lower terminus of the Denver Basin aquifer system.'

21.
22.
23.
24.
25.
27.
28.

Id; MAP 1, supranote 9, tbl. 1.
COLORADO ATLAS, supra note 2, at 88.
Id
MAP 1, supra note 9, tbl.1.
COLORADO ATLAS, supranote 2, at 87-8.
COLORADO ATLAS, supranote 2, at 88.
Id
Id

29.

Id

30.
31.
32.
33.
34.
35.
36.

Id
MA 1, supra note 9, tbl. 1.
COLORADO ATLAS, supranote 2, at 88.
Id.
Id,
Id.
MAP 1,supra note 9, tbl. 1.

26.
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B. Recharge and Discharge of Aquifers
Recharge of the Denver aquifers occurs through three mechanisms: precipitation, irrigation return flows, and inter-aquifer movement. 7 Overall recharge is limited by the semi-arid climate of the
Denver Basin, which only receives fifteen to sixteen inches of precipitation per year, totaling about five million acre-feet.' However, only
40,000 acre-feet of precipitation recharge the Denver Basin aquifers
because ninety-nine percent is lost to evapotranspiration and surface
runoff.9 Precipitation recharge in the Denver Basin aquifers is greatest
in the highland outcrop areas along the western side of the basin and
high altitude areas in the southern part of the basin.' Recharge into
the unconfined Dawson aquifer is especially high due to its more permeable, coarse materials. 4' Additionally, lawn irrigation in the Denver
metro area recharges the Dawson and Denver aquifers." While some
of this lawn irrigation recharge is recycled Denver Basin groundwater,
some or it originated outside the basin, such as from Denver's upper
basin or transmountain diversions, and may therefore be foreign water.4 Although relatively impermeable layers separate the four aquifers,
some water moves between them. The most significant movement is
drainage from the Denver aquifer down into the Arapahoe aquifer.'
The Laramie-Fox Hills aquifer receives very little recharge from the
Arapahoe due to the relatively impermeable shale confining layer.'
Both natural and artificial discharges occur in the Denver Basin
aquifers, although artificial withdrawals are the primary means of discharge. 7 Pumping water from the Denver Basin aquifers began in the
late 1800s and has increased significantly ever since.' As a result of the
pumping, artesian pressure and natural discharge has decreased '9 and
"[i] n some areas lower water levels have reduced or eliminated natural
discharge to streams or alluvial aquifers."'

37.

COLORADO ATLAS, supra note

38.
39.
40.
41.
42.

Id. at 88.
Id. at 89.
Id. at 88.
Id.
Id.

2, at 88-9.

43. See, e.g., City of Thornton v. Bijou Irrigation Co., 926 P.2d 1, 62-63 (Colo. 1996)
(discussing foreign water); City and County of Denver v. Fulton Irrigation Ditch Co.,
506 P.2d 144, 147-48 (Colo. 1972).
44. COLORADo ATLAs, supra note 2, at 88-9.

45.
46.

Id at 89.
Id.

47.

See id.

48.
49.
50.

Id.
Id.
Id.
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C. Water Levels, Flow, and Water Quality
The Denver Basin aquifers are generally under confined conditions
in the center and unconfined conditions near the edges." The exception is the Dawson aquifer, which is fully unconfined.53 The aquifers
flow outward from the high topographical and potentiometric point
located south of Castle Rock. ' Increased withdrawals have lowered the
potentiometric surface throughout the Denver Basin aquifer system.
The declining water levels are "beginning to convert more of the aquifer system from confined to unconfined conditions."' The declining
water levels have a significant impact on the economics of ground water development because a reduction in the thickness of the saturated
hydrologic layer requires more wells to yield the same amount of water. 7 Lower water levels can also lead to elastic compaction of the aquifers and land-surface subsidence, although there have been no reports of this phenomenon in the Denver Basin.'
The effects of ground water development on potentiometric levels
have varied across the Denver Basin aquifers. Measurements in the
Dawson aquifer between 1995 and 2000 show both rise and decline in
the water level.' Lawn irrigation from housing developments has become a significant recharge source for the Dawson aquifer.' Lawn
51.

U.S.

52.

GROUND WATER ATLAS, supra note 1, fig. 85.
COLORADO ATLAS, supra note 2, at 89.

53.

Id. at 92.

54. Id. at 89. Transmissivity, the product of hydraulic conductivity and hydrologic
layer thickness, varies greatly across the Denver Basin aquifer. Id. at 91.
55. Id. at 90.
56. Id. at 89.
57. Id, at 89, 93.
58. Id at 90-91.
59. Id. at 89.
60.
d.
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irrigation also recharges the Denver aquifer, but it is limited to areas
where the aquifer lies at or near the surface.' Water levels in the
Arapahoe aquifer are declining rapidly, about thirty feet per year, resulting in overall declines of 100 to 300 feet since pumping began. 2
The water level declines are the result of increased groundwater use
fueled by extensive development in southern Denver and along Interstate 25.' Water levels in the Laramie-Fox Hills aquifer have declined
over the past ten years, although not as dramatically as in the Arapahoe
aquifer.' The water level in the Laramie-Fox Hills aquifer has declined
more than 125 feet since pumping began for municipal water use in
southeast Denver.' Due to the complex structure of the Laramie-Fox
Hills aquifer and extensive faulting in eastern Boulder County, water
declines are not uniform throughout the aquifer.'
Water quality is good in the Denver Basin aquifer system, and the
water typically meets state and federal drinking water standards.'
When Denver Basin water fails to meet these standards, it is usually due
to color, smell, or taste.' However, in some areas farmers cannot use
water from parts of the Laramie-Fox Hills aquifer for irrigation due to
a high sodium absorption rate.'
D. Development Concerns of the Denver Basin Aquifers
In recent years, the rapid development of the Denver Basin aquifers has resulted in lower water levels. In turn, the lower water levels
have increased concern for the future of groundwater withdrawals
from the Denver Basin aquifers. The Denver Basin is Colorado's major
commercial and industrial center, although the "pre-dominant land
uses are agricultural and residential."" In 2000, the Denver metro area
61.

Id. at90.

62. Id. See Robert G. Raynolds, Stratigraphy of the Arapahoe Aquifer in the Denver Basin:
The Rocks Rule the Water, Geological Society of America, Paper No. 36-2, 2004 Denver
Annual Meeting (Nov. 7-10, 2004).
63. COLORADO ATLAS, supranote 2, at 90.
64. Id.See asoJohn Ezra Moore, GroundwaterMining of Bedrock Aquifers in the Denver

Basin, Geological Society of America, Paper No. 36-1, 2004 Denver Annual Meeting
(Nov. 7-10, 2004).
65. COLORADO ATLAS, supra note 2, at 90.
66. Id.
67. Id. at 93.
68. I. at 93.
69. Id,at 88. The sodium absorption rate "isa calculated value that indicates the
relative concentration of sodium to calcium and magnesium in the water. It reflects
that the presence of calcium and magnesium counteracts high levels of sodium." J.R.
Kessler, Jr., Water Quality Management for Greenhouse Production, ALA. COOPERATIVE
EXTENSION
Svs.,
January
2005,
at
3,
available
at
http://www.aces.edu/pubs/docs/A/ANR-1 158/. A high sodium absorption rate "can
result in root uptake of toxic levels of sodium." Id.
70. COLORADO ATLAS, supranote 2, at 85.
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was home to over 2.4 million people.7' Recently population growth has
slowed, but from 1990 through 2002, "Colorado consistently was
among the five fastest growing states in the country",72 with much of
that growth occurring in the Denver Basin. The population surge
placed increased demands on the Denver Basin aquifers, especially in
Douglas and El Paso counties where there are few surface water
sources. 73

Increased usage of groundwater from the Denver Basin aquifers
raises issues about the long-term effect of these groundwater withdrawals. Possible issues include land subsidence, impacts on surface appropriators, high costs of continued withdrawals, and the long-term
sustainability of the aquifers as a water source. While there are currently no reports of land subsidence in the Denver Basin, 4 subsidence
becomes more likely as withdrawals increase.
Groundwater withdrawals from the Denver Basin aquifers may also
harm surface water appropriators on the adjacent South Platte River.
In the absence of pumping, the Denver Basin aquifers discharge into
the South Platte.' Groundwater withdrawals prevent the Denver Basin
aquifers from discharging to drainages in the South Platte River Basin.76 Accordingly, the South Platte is changing from a gaining to a
losing river.77 Estimates suggest that in 2040 appropriators will experience the full impact of the loss of natural discharge.'
Another major concern is the increasing costs of withdrawals as water levels decline.' Although the theoretical withdrawal from the Den71. Id
See also U.S. CENSUS BUREAU, COLORADO QUICK LINKS (2005),
http://www.census.gov/popest/ counties/tables/CO-EST2004-01-08.xls (last visited
November 6, 2005).
72. Burt Hubbard, Colo.'s Growth Faltering:State is Not Among Top 10 in RankingFrom
Census Bureau, ROCKY MOUNTAIN NEWS, Dec. 22, 2004, at 4A.
73. U.S. GEOLOGICAL SURVEY, GROUND-WATER AVAILABLrry ANALYSIS OF THE DENVER
(last
GROUND-WATER BASIN, http://co.water.usgs.gov/projects/BCFOO/index.html

visited November 6, 2005). This project began in 2004 and is scheduled for completion in 2007.
74. COLORADO ATLAS, supra note 2, at 90-1.
75. See Park County Sportsmen's Ranch LLP v. Bargas, 986 P.2d 262, 271 (Colo.
1999). This article discusses the effect of pumping on Denver Basin aquifers at length
later.
76. COLO. WATER CONSERVATION BOARD, SENATE BILL 96-74 DENVER BASIN
available at http://cwcb.state.co.us/SecB/SB96GROUNDWATER STUDY § 9.4,
74StudyTOC.htm (last visited November 6, 2005) [hereinafter DENVER BASIN
GROUNDWATER STUDY].

77. A gaining river is one that groundwater contributes to the surface flow. A losing river is one that loses surface water to groundwater. See COLORADO ATLAS, supra
note 2, at 205, 207.
78.
DENVER BASIN GROUNDWATER STUDY, supra note 76, § 9.4 ("[T] he only question
It is estimated depletions will exceed the net disis when will the full effect occur ....
charge to the South Platte River Basin drainages around the year 2040.").
79. COLORADO ATLAS, supra note 2, at 89. Groundwater withdrawals become more
difficult, and more costly as water levels decline due to loss of hydrostatic or piezomet-
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ver Basin aquifers is 292 million acre-feet, the amount of water that is
economical feasible to withdraw may be significantly lower. "° Depending on the location and number of future wells, estimates of the longterm operation costs range from $500 to $1,000 per acre-foot in the
highly productive Arapahoe aquifer, to over $2,000 per acre-foot in the
Denver aquifer south of the Palmer Divide." The cost of pumping the
Laramie-Fox Hills aquifer is particularly relevant because numerous
augmentation plans rely on this aquifer to replace post-pumping depletions."2 The reasonableness of these costs depends on the availability of alternative water supplies. "
Finally, the long-term sustainability of the Denver Basin aquifers as
a groundwater source is a major concern for water users on the Front
Range. Because groundwater users currently withdraw groundwater at
a rate exceeding the rate of aquifer recharge, they are mining the
Denver Basin aquifers, and they will eventually exhaust the resource."
Apart from obvious environmental concerns, this raises a critical issue
of whether it is preferable, or even possible to indefinitely prolong the
life of the Denver Basin aquifers.
Although current withdrawals remain small compared to theoretically recoverable reserves, the full impact of high groundwater withdrawal remain unclear." The unknown impacts of groundwater mining add uncertainty to the issues of land subsidence, economics of
groundwater withdrawal, impacts on surface appropriators, and longterm sustainability. Despite the unknowns, lawmakers have begun to
address these issues. The following section discusses the perplexing
law governing the Denver Basin aquifers.

ric head. For example, in an unconfined aquifer, as water levels decline, the water
table may drop below an appropriator's well, forcing the appropriator to deepen the
well to continue appropriations. In a confined aquifer, withdrawals lower the piezometric pressure, therefore, there is less pressure forcing the water up towards the sur-

face. As a result, an appropriator will have to expend more energy to continue withdrawals. See A. DAN TARLOCK ET AL., WATER RESOURCE MANAGEMENT: A CASEBOOK IN LAW
AND PUBLIC PoLICY 558 (5th ed. 2002).
80.

COLORADO ATLAS, supranote 2, at 93.

81. DENVER BASIN GROUNDWATER STUDY, supra note 76, § 14.2.
82. Interview with Kevin Kinnear, Attorney, Porzak, Browning & Bushong in Boulder, Colo. (Sept. 20, 2005). Kinnear notes, "[a]s the replacement obligation is reduced over time to a few acre feet per year, it may not be viable to pay the high costs of
pumping for such a small amount of water." Id.
83. DENVER BASIN GROUNDWATER STUDY, supra note 76, §14.2.
84.
85.

See COLORADO
See id. at 93.

ATLAS,

supra note 2, at 90.
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III. COLORADO GROUNDWATER LAW AND THE DENVER
BASIN AQUIFERS
Colorado groundwater law divides the Denver Basin aquifers into
four classifications based primarily on "legal-political boundaries, and
not necessarily coincident with hydrologic boundaries."86 The Denver
Basin aquifers "are essentially non-tributary although in fact, underground water contributes about 50,000 acre-feet of water per year to
the South Platte River."87 Because of that contribution, Colorado lawmakers could consider Denver Basin aquifer groundwater tributary to
surface water, subjecting it to existing vested surface rights under the
prior appropriation system.' However, the Colorado General Assembly ("General Assembly") created special rules for the Denver Basin
aquifers because they consider the discharge into surface streams de
minimus' compared to both the potential annual withdrawals and the
total storage capacity.' The General Assembly noted "the great economic importance of the ground water in those aquifers."9' Further, "it
is both feasible and required that wells in the tributary portions of the
Denver Basin [aquifers] fully augment the loss they cause to surface

86. Veronica A. Sperling & David M. Brown, Outline of Colorado Ground Water Law, 1
U. DENV. WATER L. REV.275, 278 (1998) (discussing designated ground water districts).
87. TARLOCK ET AL., supra note 79, at 590. The natural discharge of the Denver
Basin aquifers is not certain, but engineers have estimated it to be about 40,000 acrefeet annually. Park County Sportsmen's Ranch LLP v. Bargas, 986 P.2d at 271-272
(Colo. 1999); see also DENVER BASIN GROUNDWATER STUDY, supranote 76, § 9.1 (discussing the "Robson Report's" finding of natural discharge of 54.7 cubic feet per second
and an annual discharge of 39,600 acre-feet); see also COLORADO ATLAS, supra note 2, at
88 (discussing the mechanisms of Denver Basin recharge and discharge).
88. Park County Sportsmen's Ranch, 986 P.2d at 267; see also Safranek v. Town of Limon, 228 P.2d 975, 977 (Colo. 1951) (presuming all ground water to be tributary).
Not all Denver Basin aquifer water would necessarily be tributary. However, it is likely
that a significant portion of the Denver Basin aquifers would be tributary.
89. COLO. REv. STAT. § 37-90-103(10.5) (2004).
90. The 40,000 acre-feet annual discharge is small relative to the 292 million acrefeet of recoverable water in the Denver Basin aquifers. Park County Sportsmen's Ranch,
986 P.2d at 271; COLORADO ATLAS, supra note 2, at 93. Singrud Jaunarajs & Eileen
Poeter, A Modeling Approachfor Assessing the Feasibility of Ground-WaterWithdrawalfrom the
Denver Basin DuringPeriodsof Drought, COLO. WATER RESOURCES RES. INST. April 1991, at
1.
91. § 37-90-103(10.5); Colo. Ground Water Comm'n v. N. Kiowa-Bijou Groundwater Mgmt. Dist., 77 P.3d 62, 73 n.19 (Colo. 2004) (discussing the "de minimus" language
of section 37-90-103(10.5)). In a rapidly growing region such as the Front Range, a
40,000 to 50,000 acre-feet annual discharge into an over-appropriated river such as the
South Platte may not be "de minimus." Nonetheless, this term is somewhat justified in
comparison to the capacity of the Denver Basin aquifers. Further, it is perhaps best to
view the "de minimud' language of section 37-90-103(10.5) not as a hydrological fact,
but rather as a value judgment. The General Assembly seemed to view the potential
development of the significant amounts of water in the Denver Basin aquifers as outweighing the marginal injury to senior surface appropriators.
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streams."92 Consequently, numerous and occasionally overlapping legal rules govern the Denver Basin aquifers.
The four legal classifications of Colorado groundwater are designated groundwater, tributary groundwater, nontributary nondesignated groundwater, and not nontributary groundwater." The
initial distinction is between designated groundwater, found in designated groundwater basins, and non-designated groundwater, which is
all other groundwater."
There are three classifications of nondesignated groundwater: tributary groundwater, nontributary nonThe
designated groundwater, and not nontributary groundwater."
General Assembly created the not nontributary classification specifically for the Denver Basin and it has been the major focus of discussion
and development.' However, the Denver Basin contains all four classifications of groundwater.
A. Designated Groundwater
The rural eastern forty-seven percent of the Denver Basin aquifers
is in designated groundwater basins.97 The General Assembly enacted
the 1965 Colorado Ground Water Management Act' ("1965 Act") to
address the increasing conflict between ground and surface water users.' The 1965 Act focuses almost entirely on designated groundwater
and created the Colorado Ground Water Commission ("Ground Water
Commission"), which regulates and administers designated groundwater."° The 1965 Act distinguishes between small and large capacity
wells. ' Small capacity wells do not exceed fifty gallons per minute and
five acre-feet per year."°2 Although the aggregate effect of thousands of
small capacity wells in a single designated basin surely have some impact, this article will focus on the unquestionable impact of large ca-

92. N. Kiowa-Bijou, 77 P.3d at 73 n.19 (citing § 37-90-103(10.5)).
93. TARLOCK ET AL., supra note 79, at 586. Many sources refer to "nontributary nondesignated" simply as nontributary ground water. However, for purposes of clarity,
despite its verbosity, this article will use the longer term.
94. § 37-90-103 (6), (7).
95. Sperling & Brown, supa note 86, at 285-87.
96. § 37-90-103(10.7) (defining not nontributary ground water).
97. Sperling & Brown, supra note 86, at 278. This percentage is not certain. See,
e.g., Park County Sportsmen's Ranch LLP v. Bargas, 986 P.2d 262, 266 n.11 (using an
estimate of forty-nine percent).
98. Colorado Ground Water Management Act, ch. 319, 1965 Colo. Sess. Laws 1246
(codified as COLO. REv. STAT. § 37-90-101 to -143 (2004)).
99. Simpson v. Bijou Irrigation Co., 69 P.3d 50, 59 (Colo. 2003).

100. Sperling & Brown, supra note 86, at 276 (noting that the 1965 Act "still contains
only a few subsections that are applicable to both designated and non-designated
ground water within Colorado.").
101. § 37-90-105; seeSperling & Brown, supranote 86, at 280.
102.

§ 37-90-105(1), (3)(b).
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pacity wells. Finally, the 1965 Act created special rules that apply to
designated groundwater found within the Denver Basin.'
Designated groundwater is water within designated groundwater
basins ("designated basins"). By statute, the General Assembly noted
that the Ground Water Commission should designate groundwater
basins' 4 if groundwater in a basin meets either of two definitions. The
first definition of designated groundwater is "ground water which in
its natural course would not be available to and required for the
fulfillment of decreed surface rights[.]"'' ° The second definition
is "ground water in areas not adjacent to a continuously flowing
natural stream wherein ground water withdrawals have constituted the principal water usage for at least fifteen years preceding the date of the first hearing on the proposed designation of
the basin."'" However, as of May 23, 1983, the Ground Water
Commission may no longer designate groundwater found within
the Denver Basin.' 7 Although numerous definitional problems
exist,' 0 the most pertinent problem is that some groundwater
contributes to the flow of surface streams. For non-designated
basins, Colorado would normally administer this groundwater
conjunctively with surface rights, and it would not be subject to
the Ground Water Commission."
"There are currently eight designated groundwater basins, all
of which are in eastern Colorado.."0 Four of these basins comprise the eastern forty-seven percent of the Denver Basin aquifers."' They are the Lost Creek, Kiowa Bijou, Upper Big Sandy, and
2
Upper Black Squirrel Creek Designated Ground Water Basins.

103. See, e.g., § 37-90-103(10.5).
104. § 37-90-106.
105. § 37-90-103(6) (a).
106. Id.
107. § 37-90-106(4) (a). There is one minor exception to the moratorium on the
Commission's ability to designate ground water in the Denver Basin. The Commission
may designate "any ground water in the Crow Creek drainage area in Weld
county, upstream from the confluence of Crow Creek and Little Crow Creek,
within the Laramie-Fox Hills formation when the Laramie-Fox Hills formation
is not overlaid by the Dawson-Arkose, Denver, or Arapahoe formations." § 3790-106(4) (b). However, the exception only deals with a "specific" and "remote" section of the Denver Basin aquifers, leaving the rule all but intact. Sperling & Brown,
supranote 86, at 278 n.6.
108. Sperling & Brown, supranote 86, at 277.
109. Id. at 279 (discussing the jurisdiction of the Ground Water Commission for
designated groundwater).
110. Id. at 276.
111. Id.at278.
112. 2 COLO. CODE REGS. § 410-1, R. 5.3.1.1 (2005).
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The Ground Water Commission supervises and controls the exercise and administration of water rights in designated groundwater.'
The Ground Water Commission is a twelve-member board that meets
at least quarterly."4 The governor appoints nine members for confirmation by the Colorado State Senate."' Voting members of the commission include the nine appointed members, and the executive director of the Department of Natural Resources."' The state engineer and
the director of the Colorado Water Conservation Board are the additional two non-voting members."7 Ground water commissioners hold
unpaid positions for four-year terms."8 Membership of the Ground
Water Commission favors agricultural interests."9 The state engineer
performs the majority of the Ground Water Commission's daily work."'
In addition to the Ground Water Commission, groundwater management districts ("management districts") also regulate designated
groundwater.'
Local taxpaying residents form management districts
by petitioning the Ground Water Commission to hold an election for
the creation of a management district.' The management district area
may be smaller than the designated groundwater basin, although current management districts cover most of the existing eight basins. 3
Management districts possess regulation and taxation powers.' 4 They
113. See COLO. REV. STAT. § 37-90-111 (2004).
114. Sperling & Brown, supra note 86, at 279.
115. § 37-90-104(1).
116. § 37-90-104(4).
117. Id.; see also § 37-90-117 (discussing the duties of the Colorado Water Conservation Board).
118. § 37-90-104(3) (a), (5). Although the board members are not paid, the state
reimburses them for expenses incurred in performance of their duties. § 37-90-104(5).
119. Sperling & Brown, supra note 86, at 279.

Appointments made afterJuly 1, 1971, as terms expire or are vacated,
shall be made so that the commission includes six members who are
resident agriculturists of designated ground water basins, with no

more than two resident agriculturists from the same ground water basin to be members of the commission at the same time; one member
who shall be a resident agriculturist and who shall be appointed from
water division 3; and two residents of the state who shall represent
municipal or industrial water users of the state, one of whom shall be
appointed from the area west of the continental divide.
§ 37-90-104(3) (b).
120. Sperling & Brown, supra note 86, at 279; see generally § 37-90-110 (discussing the
powers of the state engineer).
121. Upper Black Squirrel Creek Ground Water Mgmt. Dist. v. Goss, 993 P.2d 1177,
1185-90 (Colo. 2000). Generally, the Ground Water Commission issues permits and
approves changes to permits. Meanwhile, management districts administer existing
permits and enforce priorities. If there is no management district in an area, the
Ground Water Commission administers permits and enforces priorities. Id.
122. Sperling & Brown, supra note 86, at 279; § 37-90-119 to -124.
123. Sperling & Brown, supra note 86, at 279.
124. Id
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also possess "rather vague, untested powers" to enable the district to
administer designated ground water aquifers by means other than
strict priority." Management districts have the power to tax, "including the authority to impose limited ad valorem and well capacity levies."" They may also conduct research and regulate groundwater
withdrawals, but the "authority to prohibit the exportation of designated ground water" outside the management district is doubtful."
Despite these potentially broad powers, management districts have
limited themselves to enforcing the Ground Water Commission's policies and orders."
District courts, rather than the water court, hear legal disputes pertaining to designated groundwater." If a designated groundwater appropriator seeks administrative or adjudicative relief, the appropriator
must first receive a determination that the conflict arises out of the use
of designated groundwater." ° After the Ground Water Commission
makes its decision, the courts hear appeals.' The Colorado Supreme
Court names "a designated ground water judge" in each judicial district "within which some part of the designated ground water basin
The designated groundwater judge hears all disputes over
lies." "'
groundwater except for those arising out of the adoption of rules regulating groundwater, over which the district court has jurisdiction."'
The right to withdraw designated groundwater within the Denver
Basin is different from the right to withdraw other designated groundwater. The courts use a modified appropriation system to allocate designated ground water outside of the Denver Basin."M Under the modified appropriation system, senior appropriators are entitled to maintenance of reasonable ground water levels, but do not have a right to the
maintenance of historic water levels." 5 This modification is necessary
125. Id.
126. Id.; COLO. REV. STAT. § 37-90-132 (2004).
127. Sperling & Brown, supra note 86, at 279.
128. Id.As a result of this self-limitation, management districts have not attempted
to promulgate regulations curtailing pumping, in large part, due to local unpopularity.
Id
129. § 37-90-115(1)(a).
130. Gallegos v. Colo. Ground Water Comm'n, Water Div. 1, 03CV1335, July 22,
2005, at 6-7.
131. § 37-90-115(1)(a).
132. § 37-90-115(1) (b) (V).
133. §37-90-115(1)(a), (2).
134. § 37-90-102(1).
135. Id. Despite the fact that senior appropriators have no right to mainte-

nance of historic water table levels, several designated basins are already over
appropriated. 2 COLO. CODE REGS. § 410-1, R. 4.2.20 (2005) (defining an
'overappropriated aquifer" as "an aquifer for which the net average annual
depletion rate of ground water is considered to be in excess of the allowable
net average annual depletion rate for that aquifer set by the [Ground Water]
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because of groundwater mining in designated groundwater basins.
Without this modification, the withdrawal by any subsequent junior
appropriator would injure the senior, resulting in a legal monopoly of
the aquifer."
In contrast, ownership of overlying land determines allocation of
designated groundwater within the Denver Basin. 37 However, the rules
for allocating designated groundwater within the Denver basin are
"substantively the same as the rules adopted by the state engineer for
allocation of Denver Basin groundwater outside designated basins[.]"'
In limited circumstances, where a "municipal or quasi-municipal water
supplier is obligated either by law or by contract ... to be the principal
provider of public water service to landowners" within its boundaries,
the landowners may be "deemed to have consented to the withdrawal.
. . of all such ground water[".]' ' The Ground Water Commission allocates Denver Basin aquifers based on a 100-year life.'" To achieve the
goal of 100 years, the commission requires replacement water. The
Ground Water Commission limits consumption of Denver Basin
groundwater, which the state engineer deems nontributary,'4 ' to ninety-

Commission."). New appropriations in these aquifers, such as the Upper
Black Squirrel Creek designated basin, require a replacement plan. See id. R.
5.6.1 (explaining the requirements of a replacement plan); id. R. 4.2.23 (defining "replacement plan" as "a detailed program to increase the supply of
water available for beneficial use in a designated basin or portion thereof by
the development of new or alternate means or points of diversion, by a pooling of water resources, by water exchange projects, by providing substitute
supplies of water, by the development of new sources of water, or any other
appropriate means. 'Replacement Plan' does not include the salvage of designated waters by the eradication of phreatophytes, nor does it include the use
of precipitation water collected from land surfaces which have been made
impermeable, thereby increasing the runoff but not adding to the existing
supply of water."). Where the aquifers are not over-appropriated, the Commission
will grant a permit if there is no "unreasonable impairment" to senior appropriators.
Id. R. 5.1.1.
136. Such a monopoly conflicts with principles of Colorado water law, most notably,
maximum utilization. See Alamosa-LaJara Water Users Prot. Ass'n v. Gould, 674 P.2d
914, 932-33 (Colo. 1983) (discussing the doctrine of maximum utilization).
137. COLO. REv. STAT. §§ 37-90-107(7) (a), -111(5) (2004); 2 COLO. CODE REGS. §
410-1, R. 5.3.2.2 (2005).
138. Sperling & Brown, supra, note 86, at 282.
139. 2 COLO. CODE REGS. § 410-1, R. 5.3.10 (2005).
140. Id, at R. 5.3.2.1.
141. "Whether Denver Basin aquifer water underlying a particular parcel of land is
nontributary or not nontributary is determined by the state engineer when reviewing a
well permit application or by the water court in ruling on a water court decree application." Chatfield E. Well Co. v. Chatfield E. Prop. Owners Ass'n, 956 P.2d 1260, 12711272 (Colo. 1998).
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eight percent.' The two percent for replacement may be in the form
of return flow.''
For Denver Basin not nontributary groundwater, the amount of replacement depends on the distance of the well from the "contact with
the alluvium," or stream.' 4 For Dawson aquifer not nontributary
ground water, the Ground Water Commission requires full replacement.'5 The Ground Water Commission requires full replacement for
Denver, Arapahoe, and Laramie-Fox Hills groundwater that the state
engineer deems not nontributary'46 and is within one mile of a natural
stream.' 7 For wells in these three aquifers further than one mile from
a stream, an appropriator must replace four percent of the water they
148
pump.14
The Ground Water Commission requires groundwater appropriators within designated basins to obtain a permit to appropriate
groundwater. The anti-speculation doctrine applies to the Denver Basin aquifers within designated basins.'
Permitting procedures vary
slightly for Denver Basin appropriators, depending on the timing of
the appropriation.' l5 The Ground Water Commission grants all permits in the Denver Basin based on a 100-year aquifer life."' Before
withdrawing designated groundwater, appropriators must apply to the
Ground Water Commission for a permit, detailing the beneficial use
and other specifics of the proposed withdrawals. '" As long as "the
142.
143.
144.
145.

§ 410-1, R. 5.3.6.2(A).

Id. at R. 5.3.6.5.
Id. at R. 5.3.6.2(B)-(C).
"[T] he amount of such replacement water shall provide for the depletion of alluvial water for the first 100 years due to all previous pumping and if pumping continues beyond 100 years, shall replace actual
impact until pumping ceases, assuming water table conditions in the
bedrock aquifer. The applicant shall be required to develop terms
and conditions necessary to prevent injury to prior designated ground
water fights."
Id. at R. 5.3.6.2(C).
146. Chatfield,956 P.2d at 1271-1272.
147. § 410-1 R. 5.3.6.2(C).
148. Id. at R. 5.3.6.2(B). The four percent replacement value evolved from the
"Robson Report." DENVER BASIN GROUNDWATER STUDY, supra, note 76, § 9.1.
149. Colo. Ground Water Comm'n v. N. Kiowa-Bijou Groundwater Mgmt. Dist., 77
P.3d 62, 80 (Colo. 2003).
150. See COLO. REV. STAT. § 37-90-107 (2004).
151.
Id. § 37-90-111(5).
152.
The applicant shall specify the particular designated ground water
basin or subdivision thereof from which water is proposed to be appropriated, the beneficial use to which it is proposed to apply such water, the location of the proposed well, the name of the owner of the
land on which such well will be located, the estimated average annual
amount of water applied for in acre-feet, the estimated maximum
pumping rate in gallons per minute, and, if the proposed use is irrigation, the description of the land to be irrigated and the name of the
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proposed appropriation will not unreasonably impair existing water
rights from the same source and will not create unreasonable waste,"
and other appropriators do not object to the proposed use, the state
engineer will grant a conditional permit.153 However, if other appropriators object, as is frequently the situation, the Ground Water Commission holds a hearing in the designated basin or management district. 54 The Ground Water Commission will not issue a conditional
permit if "it appears that there are no unappropriated waters in the
designated source or that the proposed appropriation would unreasonably impair existing water rights from such source or would create
unreasonable waste." 55
Denver Basin appropriators who acquired their conditional permit
before July 1, 1991, must obtain a final permit. 56 The holder of a conditional permit has one year to complete the proposed well and three
years to demonstrate that he or she has put the designated groundwater to a beneficial use. 57 An affidavit of the conditional permit holder
is prima facie evidence for a final permit, although the Ground Water
Commission may investigate further claims of injury. 58 The Ground
Water Commission issues the final permit "[t]o the extent that the
commission finds that water has been put to a beneficial use." 159 In
contrast, Denver Basin appropriators who acquired their conditional
permit on or after July 1, 1991, do not have to obtain a final permit
because a conditional permit "shall be considered a final determination of a well's water right if the well is in compliance with all other
applicable requirements."' 6° These permitting rules are essentially the
same as those for non-designated nontributary water in the Denver
Basin.
The rights of designated groundwater appropriators, against both
surface water appropriators and other groundwater appropriators, are
unclear.' 6' As previously mentioned, some groundwater within designated basins contributes to streams. It is unclear whether the state can
owner thereof, together with such other reasonable information as
the commission may designate on the form prescribed. The amount
of water applied for shall only be utilized on the land designated on
the application.
Id. § 37-90-107(1).
153. Id. § 37-90-107(3).

154.
155.

Id. § 37-90-107(4).
Id.

156.

Id. § 37-90-108(3) (a) (II).

157.

Id. § 37-90-108(1)(a), (2)(a).

158.

Id. § 37-90-108(2)(b).

159. Id. § 37-90-108(3) (a) (I).
160. Id. § 37-90-108(3) (a) (II).
161. See Gallegos v. Colo. Ground Water Comm'n, No. 03CV1335 (Colo. Water Div.
1, July 22, 2005) (discussing the rights of surface water appropriators in designated
groundwater basins as against designated groundwater appropriators).
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limit withdrawals of designated groundwater to satisfy surface appropriators, and whether the Ground Water Commission or the State Engineer would have the authority to do so.162 Within the Denver Basin,
the Ground Water Commission addressed this problem by requiring
complete replacement of not nontributary groundwater within one
mile of a stream and four percent replacement for appropriations farther than one mile from a stream. 163 The relative rights between
groundwater appropriators are even less clear. The 1965 Act provides4
for enforcement mechanisms among designated basin appropriators.
However, the Ground Water Commission has yet to regulate permitted
junior wells beyond labeling certain designated basins overappropriated "regardless of their depletive effect upon each other or
upon supplies available to senior wells."' 65
The Ground Water Commission will only allow a change of rights
to withdraw designated groundwater if the change "will not cause material injury to the vested rights of other appropriators."' In the Denver Basin, the transferable amount of groundwater depends on when
the Ground Water Commission issued the permit. Permit holders with
rights granted before July 1, 1991, may transfer the maximum amount
of designated groundwater put to a beneficial use. 67 However, permit
holders with rights granted on or after July 1, 1991, may transfer the
entire permitted amount.68
Although the designated groundwater rules apply only to the rural
eastern half of the Denver aquifers, the rules are particularly significant
because of excessive withdrawal problems. First, the two halves of the
Denver Basin aquifers are hydrologically connected. There is no hydrological reason for the distinction between designated and nondesignated groundwater. Accordingly, withdrawals from one area of
the Denver Basin aquifers will eventually affect other areas. Second,
although the majority of the specific rules governing the Denver Basin
aquifers are substantively the same inside and outside of designated
basins, conflicts over jurisdiction persist. The Ground Water Commission administers and regulates the designated portions of the Denver
162. Sperling & Brown, supra note 86, at 283. The Colorado Supreme Court rejected an invitation to place tributary ground water within designated basins under the
authority of the water courts, despite seeing merit in the arguments. Pioneer Irrigation Dists. of Yuma County, Colo. and Dundy County, Neb. v. Danielson, 658 P.2d 842,
846 (Colo. 1983). The Colorado Supreme Court affirmed the holding of the water
court that it "lacked original subject matter jurisdiction to hear cases involving the
taking of ground water in a designated ground water basin[.l" Id at 843.

163.
164.

2 COLO. CODE REGS. § 410-1, R. 5.3.6.2 (B) (C) (2005).
COLO. REV. STAT. §§ 37-90-109 to -111.5 (2004).

165.

Sperling & Brown, supra note 86, at 284.

166.

COLO. CODE REGS. § 410-1, R. 7.1.1 (2005).

167.

Id. R. 7.1.3.

168.

Id.
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Basin aquifers, while the water courts administer and regulate the nondesignated portions."
B.

Non-Designated Groundwater

The urbanized western fifty-three percent of the Denver Basin aquifers is non-designated groundwater, located outside of designated
basins."
Although the rules for designated groundwater within the
Denver Basin are "substantively the same" as the rules for nondesignated groundwater, 7 the distinction is significant because the
Ground Water Commission has jurisdiction over designated groundwater while the water courts have jurisdiction over non-designated
groundwater. 72' The three classifications of non-designated groundwater in the Denver Basin are tributary, nontributary non-designated, and
not nontributary.
1.

Tributary Groundwater

Tributary groundwater is of minimal significance in the Denver Basin because the not nontributary classification exempts the Denver Basin aquifers from the tributary classification. Nevertheless, tributary
groundwater is worthy of discussion for comparison to nontributary
non-designated and not nontributary groundwater. Because tributary
ground water and surface water are hydrologically connected, the water courts conjunctively manage both types of water under the Water
Right Determination and Administration Act of 1969 ("1969 Act").'
The withdrawal of tributary groundwater will eventually "deplete water
that would otherwise be available for withdrawal directly from the surface.,1

74

Further, all groundwater is presumed to be tributary, absent a

clear and convincing proof to the contrary.'75
The definitions of tributary groundwater within and outside of the
Denver Basin are different. Outside of the Denver Basin, tributary
76
groundwater is all groundwater that fails the nontributary test.'
169. Sperling & Brown, supranote 86, at 278-79, 285-86.
170. Id. at 278.
171. Id. at 282.
172. Colo. Ground Water Comm'n v. N. Kiowa-Bijou Groundwater Mgmt. Dist., 77
P.3d 62, 70 (Colo. 2003).
173. Sperling & Brown, supra note 86, at 299; see COLO. REV. STAT. §§ 37-92-101, 103(11) (2004) ("'Underground water', [sic] as applied in this article for the purpose
of defining the waters of a natural stream, means that water in the unconsolidated
alluvial aquifer of sand, gravel, and other sedimentary materials and all other waters
hydraulically connected thereto which can influence the rate or direction of movement of the water in that alluvial aquifer or natural stream.").
174. Simpson v. Bijou Irrigation Co., 69 P.3d 50,59 n.7 (Colo. 2003).
175. Safranek v. Town of Limon, 228 P.2d 975, 977 (Colo. 1951).
176. COLO. REV. STAT. § 37-90-103(10.5) (2004) (defining nontributary ground water).
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Therefore, groundwater is tributary if its withdrawal will deplete the
flow of a natural stream to an extent greater than 0.1% of the annual
rate of withdrawal within 100 years.177 However, for groundwater to be
tributary within the Denver Basin, it must fail both the nontributary
test and the not nontributary test.178 Ground water is not nontributary
is if it is within the Denver Basin and fails the nontributary test. ' Logically, this should mean that all groundwater that contributes to surface
flow within the Denver Basin is not nontributary. However, there are
two factual exceptions. The first is tributary groundwater that fails
both the nontributary and not nontributary test due to location, such
as "Denver Basin groundwater located near the contacts of these aquifers with Monument Creek or its alluvium." 8 ° The second exception is
water that is just below the surface, immediately under or next to a
stream. Arguably, one can infer this exception from the statutory definition of non-tributary ground water. 8' In either case, the amount of
tributary groundwater within the Denver Basin is insignificant.
The water courts administer tributary groundwater conjunctively
182
with surface water according to the prior appropriation system.
Colorado has seven water divisions based on surface watersheds.'8 3 The
legislature split the Denver Basin between Division 1 in the north,"
and Division 2 in the south. 81 5 Each division appoints a districtjudge to
serve as the water judge, who, along with the water referee and water
clerk, adjudicates water rights.8 6 Similarly, the statute divides the state
engineer's office into seven divisions, and a division engineer is responsible for each division.'8 7 The state engineer administers the water
177.
178.

Id.
See Sperling & Brown, supra note 86, at 286.

179.

See§ 37-90-103(10.7).

180. See Sperling & Brown, supra note 86, at 286.
181. This second exception of tributary ground water within the Denver Basin is
implied by certain language in section 37-90-103(10.5), which mentions "the feasibility
and requirement of full augmentation by wells located in the tributary portions of [the
Denver Basin] aquifers." (emphasis added). However, it is unclear whether the legislature intended the word "tributary" to create a category of legally tributary groundwater
within the Denver Basin or simply to refer to that groundwater that is hydrologically
tributary, without creating a legal distinction. § 37-90-103(10.5).
182. See Sperling & Brown, supra note 86, at 299.
183. § 37-92-201 (defining the seven water districts).
184. § 37-92-201(1) (a) ("Division 1 consists of all lands in the state of Colorado in
the drainage basins of the South Platte river, the Big Laramie river, the Arikaree river,
the north and south forks of the Republican river, the Smokey Hill river, Sandy and
Frenchman creeks, and streams tributary to said rivers and creeks.").
185. § 37-92-201 (1) (b) ("Division 2 consists of all lands in the state of Colorado in
the drainage basins of the Arkansas river and the Dry Cimarron river, and streams
tributary to said rivers.").
186. § 37-92-203 to - 204, -301 (discussing water judges, water referees, water clerks,
and administration and distribution of water).
187. § 37-92-202.
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courts' rulings." The Colorado Supreme Court hears appeals directly
from the water courts.8
Tributary groundwater appropriators must acquire a permit from
the state engineer." The state engineer allocates the rights to withdraw tributary groundwater according to the priority system and subject to senior surface rights.'"' Consequently, tributary groundwater
taken out of priority requires replacement water so senior appropriators are not injured."n Finally, a change in rights is subject to prior
appropriation principles so as not to harm junior appropriators. 9 '
However, in several areas of Colorado, special rules and regulations
apply in an attempt to balance the use of tributary groundwater and
surface water.'"
Although there is minimal tributary groundwater in the Denver Basin, the previous discussion is significant for two reasons. First, as with
tributary groundwater, the water courts administer all non-designated
groundwater. ' Second, this discussion illustrates how significant portions of non-designated groundwater might be administered and regulated if the General Assembly did not create the not nontributary classification. For example, tributary Denver Basin groundwater would
have been subject to the seniority of surface appropriators and full replacement requirements.
2. Nontributary Non-Designated Groundwater
Unlike tributary groundwater in the Denver Basin, nontributary
non-designated groundwater is of major significance. The legal rules
188. Colo. Ground Water Comm'n. v. N. Kiowa-Bijou Groundwater Mgmt. Dist., 77
P.3d 62, 70 (Colo. 2003).
189. Idat69n.6;§ 13-4-102(1)(d).
190. § 37-90-137(1). Before the 1969 Act, the water courts often did not adjudicate
tributary wells, nor was the water in the wells considered to be part of the priority system. For a discussion of the impacts of the 1969 Act, see Sperling & Brown, supra note
86, at 296.
191. See Sperling & Brown, supra note 86, at 299; see e.g. Simpson v. Bijou Irrigation
Co., 69 P.3d 50, 72 (Colo. 2003) (holding inter alia that State Engineer can not authorize out-of-priority diversion of ground water in the absence of any provision requiring
that an application for an augmentation plan be filed with the water court.").
192. § 37-92-103(9); Alamosa-La Jara Water Users Protection Ass'n v. Gould, 674
P.2d 914, 945 (Colo. 1983); see also Sperling & Brown, supra note 86, at 297 (noting
that the court exempts wells flowing fifteen gallon per minute or less from stricter
permitting requirements.)
193. See § 37-92-305(3) (2004).
194. See Sperling & Brown, supra note 86, at 299-302. See also Kuiper v. Well Owners
Conservation Ass'n, 490 P.2d 268, 280 (Colo. 1971) (rejecting the claim that shutting
down tributary ground water wells results in a futile call, stating "[w]e can see no logical distinctions between the result of an intervening storm in the case of a call on surface right and the case of a call on a well"), overruled on other grounds,
Alamosa-LaJara Water Users Protection Ass'n v. Gould, 674 P.2d 914 (Colo. 1983).
195. Sperling & Brown, supra note 86, at 285-86.
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governing nontributary non-designated groundwater within the Denver Basin differ substantially from those outside the Denver Basin.'"
However, the legal rules governing nontributary non-designated
groundwater within the Denver Basin are substantively the same as
those for designated groundwater within the Denver Basin.'97
Nontributary non-designated groundwater is groundwater within
the Denver Basin that meets the nontributary test and is outside of a
designated basin. Groundwater outside of designated basins is nontributary if its withdrawal will deplete the flow of a natural stream
greater than 0.1% of the annual rate of withdrawal within 100 years.'
Further, within the Denver Basin, the statute assumes unconfined water table conditions exist, even if the Denver Basin aquifers are under
artesian pressure.'" This assumption ensures that Denver Basin nontributary non-designated groundwater "will not be considered to overflow into the surface waters," arguably making it tributary.' Significant
portions of the Denver Basin aquifers are nontributary nondesignated,"° in that the groundwater is "an appreciable distance from
the discharge areas of these formations. '
The water courts and state engineer adjudicate and administer
nontributary non-designated groundwater.s The procedures are similar to those previously discussed for tributary groundwater. Notably,
the legislature split the Denver Basin aquifers between Water Division 1
and 2.'
However, in contrast to tributary groundwater, water courts
and the state engineer do not administer nontributary non-designated
groundwater in conjunction with surface waters because legally they
are not hydrologically connected.
Nontributary non-designated groundwater appropriators must acquire a permit from the state engineer."m A vested right to use non196. As discussed below, the main difference is that nontributary non-designated
groundwater consumption within the Denver Basin is limited to ninety-eight percent.
Compare2 COLO. CODE REGS. § 402-6, R. 8 (1987) (limiting withdrawals to 98% of water
consumed), with 2 COLO. CODE REGS. § 402-7, R. 8 (1986) (establishing relaxed limitations on consumption of nontributary non-designated groundwater).
197. Sperling & Brown, supranote 86, at 282.
198. COLO. REv. STAT. § 37-90-103(10.5) (2004).
199. Id.
200. Colorado Groundwater Comm'n v. N. Kiowa Bijou Groundwater Mgmt. Dist.,
77 P.3d 62, 73 n.21 (Colo. 2003) ("Since ground water must be hydraulically connected to surface waters to be considered tributary in nature, the legislature has essentially mandated that Denver Basin ground water is nontributary when, without such an
assumption, the water might be classified as tributary.").

201. The state engineer determines whether Denver Basin aquifer water underlying
a particular parcel of land is nontributary or not nontributary. Chatfield E. Well Co. v.
Chatfield E. Prop. Owners Ass'n, 956 P.2d 1260, 1271-1272 (Colo. 1998).
202. Sperling & Brown, supra note 86, at 287.

203.

M at 294.

204.
205.

See CoLo. REv. STAT. § 37-92-201(1) (a)-(b) (2004).
Id. § 37-90-137(1).
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tributary non-designated groundwater is acquired in either of two ways:
one, an overlying landowner may construct a well according to a permit from the state engineer; or two, the overlying landowner may receive an adjudication from the water court.' In either case, a permit
from the state engineer is required before withdrawals actually begin.
The anti-speculation doctrine does not apply to Denver Basin groundwater outside of designated basins.n7 The state engineer allocates
permits based on a 100-year life of the aquifer " and ownership of the
overlying land.' However, municipal or quasi-municipal water suppliers that are obligated by law or by contract to be the principal water
supplier within their boundaries may acquire the implied consent of
landowners through a public ordinance.' Further, within the Denver
Basin, statutes limit consumption to ninety-eight percent of annual
withdrawals." ' These rules are substantively the same as the rules for
nontributary groundwater in designated basins within the Denver Basin.
Surface appropriators face difficulties attempting to demonstrate
injury caused by nontributary non-designated groundwater withdrawals
because Colorado does not administer such withdrawals under the
prior appropriation system." For example, surface appropriators cannot demonstrate injury from withdrawals of nontributary nondesignated ground water in the Denver Basin because Colorado considers the hydrological connection so attenuated."
The two percent
return flow requirement within the Denver Basin seems to imply that
the withdrawal of some nontributary non-designated groundwater impacts surface rights. However, the General Assembly, through the state
engineer, imposed these limitations to prevent waste, promote beneficial use, and require reasonable conservation of groundwater, rather
than to lessen the impact on surface appropriators. 4 Other nontributary non-designated groundwater appropriators in the Denver Basin
also face difficulties demonstrating injuries caused by withdrawals because statutorily "[t] he reduction and eventual elimination of artesian
pressure and the lowering of pumping levels thereafter do not per se
206. E. Cherry Creek Water and Sanitation Dist. v. Rangeview Metro. Dist., 109 P.3d
154, 157 (Colo. 2005).

207.

See id.

208. Id. § 37-90-137(4) (b) (I); 2 COLO. CODE REGS. § 402-7, R. 8A (1986).
209. Colo. Ground Water Comm'n. v. N. Kiowa-Bijou Groundwater Mgmt. Dist., 77
P.3d 62, 71 (Colo. 2003).
210. COLO. REv. STAT. § 37-90-137(8) (2004).
211. Compare 2 COLO. CODE REGS. § 402-6, R. 8 (1987) (limiting withdrawals to 98%
of water consumed), with 2 COLO. CODE REGS. § 402-7, R. 8A (1986) (establishing re-

laxed limitations on consumption of nontributary non-designated groundwater).
212. COLO. REv. STAT. § 37-92-305(11) (2004).
213. See § 37-90-103(10.5) (discussing test for nontributary non-designated ground
water).
214. § 37-92-305(11).

Issue I

SUSTAINING THE UNSUSTAINABLE

constitute material injury." 15 This rule is substantively similar to the
rule in designated basins that does not protect appropriators from declines in the historic water levels. 16
The law governing changing the rights to withdraw nontributary
non-designated groundwater is undeveloped because "[flew such
transfers have been requested to date, and those that have been requested have been handled on an ad hoc basis by the State Engineer's
office and the Water Courts.""7 These changes, however, are lawful so
long as the point of diversion is within the boundaries of the subject
property."8
The striking feature of the rules governing nontributary nondesignated groundwater in the Denver Basin is their substantive similarity to those governing the designated portions of the Denver Basin.
Aside from the fact that the anti-speculation doctrine doe not apply to
the Denver Basin aquifers outside of designated basins, the major difference between the rules is that the Ground Water Commission adjudicates and administers the non-designated portions of the Denver
Basin aquifers.
3.

Not Nontributary Groundwater

The General Assembly created the not nontributary classification
thus preventing classification of the Denver Basin aquifers as tributary
groundwater. 1 ' The not nontributary classification permits the state
engineer and water courts to treat otherwise tributary groundwater in
the Denver Basin like nontributary non-designated ground water,
though with slightly higher recharge rates.
The General Assembly classified much of the Denver Basin aquifers
as not nontributary 20 because a tributary classification would hamper
development. For example, surface appropriators who benefited from
the Denver Basin aquifers' natural discharge into the South Platte
River could call the river, limiting the withdrawals of the junior
groundwater appropriators."
Groundwater appropriators could take
215. Sperling & Brown, supra note 86, at 291.
216. § 37-90-102(1).
217. Sperling & Brown, supra note 86, at 304.
218. Interview with Kevin Kinnear, Attorney, Porzak, Browning & Bushong in Boulder, Colo. (Sept. 20, 2005). Because of the widespread reliance on nontributary nondesignated groundwater for augmentation plans of Denver Basin aquifer pumping,
such transfers may become commonplace. Id.
219. § 37-90-103(10.5), (10.7).
220. The State Engineer, when reviewing a permit application, or the water court,
when ruling on a decree, determines whether ground water is not nontributary. Chatfield E. Well Co. v. Chatfield E. Property Owners Ass'n, 956 P.2d 1260, 1271-1272
(Colo. 1998).
221.
DENVER BASIN GROUNDWATER STUDY, supTa note 76, § 9.4 ("The model indicates
that the vested water rights to the flow of the South Platte River Basin drainages may be
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water out of priority if they had an augmentation plan to replace the
natural discharge.2" However, due to hydrological uncertainty and the
high number of groundwater appropriators, it is difficult to determine
the amount of replacement surface water required for augmentation
plans."' Therefore, to protect senior surface appropriators on the
South Platte River, the General Assembly created the not nontributary
classification and limited consumptive use to ninety-six percent within
the Denver Basin. 4 In this way, the not nontributary classification
promotes utilization of the large amounts of Denver Basin aquifer
groundwater while minimizing, or perhaps ignoring, impacts on surface users.
Not nontributary groundwater is water located within the Denver
Basin aquifers but outside designated basins, the withdrawal of which
will deplete the flow of a natural stream to an extent greater than 0.1%
of the annual rate of withdrawal within 100 years. 5 Not nontributary
groundwater fails the nontributary non-designated test because its impact on surface water is too great. As not nontributary groundwater is
withdrawn, the aquifers lose artesian pressure. The loss of artesian
pressure significantly affects the flow of surface waters.
The water courts and state engineer adjudicate and administer not
nontributary groundwater." The procedures are the same as those
previously discussed for tributary and nontributary non-designated
groundwater, requiring an adjudication in water court and an augmentation plan. 7 Similar to nontributary non-designated groundwater,
the water courts and state engineer do not administer not nontributary
groundwater in conjunction with surface waters because legally they
are considered to be only minimally hydrologically connected.

materially injured due to ground water withdrawal from wells legally developed in the
Denver Basin."). Ground water appropriators are typically junior to surface users be-

cause well technology is a recent development compared to surface water diversions,
which have existed since the first appropriations.
222. See§37-92-103(9) (2004).
223. From a hydrological standpoint, it is difficult to understand the effect each well
has on the flow rate and direction of flow of the ground water in the Denver Basin
aquifers. The high number of wells, the lack of uniformity in well distribution, and the
different withdrawal rates makes it yet more difficult for hydrologists to determine the

effect of each individual well.
224. § 37-90-137(9) (c) (I). Judicially approved augmentation plans are required for
not nontributary ground water. Id. However, the General Assembly has essentially
dictated the terms of the augmentation plans by specifying required return flow values.
See id. A recent study found that "the average replacement [of not nontributary
ground water] required to protect vested surface water rights ranges from 14.6% to

20.7%."

DENVER BASIN GROUNDWATER STUDY,

supra note 76, § 9.4.

225. § 37-92-103(10.7).
226. Chatfield E. Well Co. v. Chatfield E. Property Owners Ass'n, 956 P.2d 1260,
1271-72 (Colo. 1998).
227. § 37-90-137(9)(c).
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Not nontributary groundwater appropriators must acquire a permit
from the state engineer.' The anti-speculation doctrine does not apply to Denver Basin groundwater outside of designated basins." 9 The
state grants permits based on a 100-year life of the aquifer.2" Colorado
bases not nontributary groundwater allocation on ownership of the
overlying land." ' However, municipal or quasi-municipal water suppliers obligated by law or by contract to be the principal water supplier
within their boundaries may acquire the implied consent of landowners through a public ordinance. 32 Colorado law limits consumption by
requiring appropriators to replace at least some of the withdrawn water. Appropriators using wells in the Dawson aquifer must fully replace
water to "prevent any injurious effect."2 33 Similarly, appropriators using
wells within one mile of a natural stream in the Denver, Arapahoe and
Laramie-Fox Hills aquifers must fully replace withdrawn water.2 3 Appropriators using wells in these aquifers farther than one mile from a
natural stream must replace four percent of the water they withdraw.
To protect surface appropriators, court decrees may require continued
replacement of water after withdrawals cease.236
Similar to surface users in nontributary non-designated groundwater areas, surface users in not nontributary groundwater areas face difficulties demonstrating injury caused by not nontributary withdrawals
because such not nontributary groundwater is not governed by the
prior appropriation system.2 37 Further, statutorily mandated augmenta-

tion plans governing not nontributary withdrawals make it difficult for
surface appropriators arguing anything other than non-compliance.
Additionally, groundwater appropriators face difficulties demonstrating injury because "[t]he reduction and eventual elimination of artesian pressure and the lowering of pumping levels thereafter do not per
228. § 37-90-137(1) (2004).
229. See E. Cherry Creek Water and Sanitation Dist. v. Rangeview Metro. Dist., 109
P.3d 154 (Colo. 2005).
230. § 37-90-137(4) (b) (I); 2 COLO. CODE REGS. § 402-7, R. 8A (1986).
231. Park County Sportsmen's Ranch LLP v. Bargas, 986 P.2d 262, 267 (Colo. 1999).
232. COLO. REv. STAT. § 37-90-137(8) (2004).
233. § 37-90-137(9) (c) (I) (stating Dawson wells "shall provide for the replacement
of actual stream depletion to the extent necessary to prevent any injurious effect, based
upon actual aquifer conditions in existence at the time of such decree"). Proposals to
withdraw not nontributary ground water from a Dawson aquifer or not nontributary
ground water from the Denver, Arapahoe, or Laramie-Fox Hills aquifer require the
applicant "to develop terms and conditions necessary to prevent injury to prior designated ground water rights." 2 COLO. CODE REGS. § 410-1, R. 5.3.6.2(C) (2005).
234. COLO. REV. STAT. § 37-90-137(9) (c) (I) (2004).
235. Id.
236. Id.; see also Danielson v. Castle Meadows, Inc., 791 P.2d 1106, 1114 (Colo. 1990)
(holding the water court may retain jurisdiction on the issue of injury if it is unclear
whether continued replacement is required after pumping ends).
237. § 37-92-305(11); Sperling & Brown, supra note 86, at 302.
238. See§ 37-90-137(9)(c)(I).
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Basin wells and other non tribuse constitute material injury to Denver
2 39
tary and not nontributary wells."

Changing the rights to the withdrawal of not nontributary groundwater is lawful so long as the changed point of diversion is within the
boundaries of the subject property. Similar to non-designated nontributary groundwater, "[f]ew such transfers have been requested to
date, and those that have been requested have been handled on an ad
hoc basis by the State Engineer's office and the Water Courts. 2

40

How-

ever, such transfers may become fairly common due to the development of the Denver Basin aquifers.
The rules governing not nontributary groundwater are substantially
similar to those governing groundwater within designated basins.
Again, other than the application of the anti-speculation doctrine, the
salient difference is that the Ground Water Commission adjudicates
and administers groundwater within designated basins, while the water
courts adjudicate all other groundwater.
IV. DISCONNECT: THE MISMATCH OF LAW AND HYDROLOGY
A homogeneous set of substantive rules governs all groundwater in
the Denver Basin aquifers."' Briefly, the rules for designated and nondesignated groundwater in the Denver Basin are: the right to withdraw
groundwater is based on the ownership of the overlying land, although
municipal or quasi-municipal water suppliers may obtain implied consent to withdraw water; permits are required for all withdrawals and are
based on a 100-year aquifer life; consumption of water deemed nontributary is limited to ninety-eight percent; and consumption of not
nontributary water is limited to ninety-six percent, unless it is withdrawn from the Dawson aquifer or from any aquifer within one mile of
a natural stream. However, there are significant procedural differences for appropriating designated and non-designated water. The
Ground Water Commission and the district courts control designated
ground water rights, while the water courts and state engineer control
non-designated groundwater rights. Further, the anti-speculation doctrine only applies within the designated basins. Concealed in the
above brief summary of Colorado groundwater law are numerous
problems facing Colorado in the future management of the Denver
Basin aquifers. The remainder of this article discusses some of the key
problems and examines possible solutions.

239.
240.
241.

Sperling& Brown, supra note 86, at 291; See § 37-90-102(1).
Sperling & Brown, supra note 86, at 304.
See infra text accompanying notes 282-85.
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A.

Current Problems Facing the Denver Basin Aquifers

This article discusses only some of the numerous problems facing
the Denver Basin aquifers; it does not address ground water quality.
Although "a contaminated aquifer is tantamount to a depleted aquifer,""4 ' Colorado's current concerns are the problems caused by consumption rather than contamination. The next section discusses some
legal problems in regulation of the Denver Basin aquifers, and the following section discusses the physical problems resulting from the current regulatory scheme.
1.

Legal Problems

There are two types of legal problems associated with the Denver
Basin aquifers: the ability to change water rights and jurisdiction. The
problem with changing water rights stems from the ambiguity and gaps
in the law. In designated basins, established rules govern the ability to
change well locatign, type, place, and time of use. ' However, the legislature did not clearly establish rules for transferring surface diversions within designated basins to wells. " Moreover, outside the designated basins, the state engineer and water courts have handled very
few water rights transfers and those that they have handled have been
"on an ad hoc basis." ' The lack of clearly established rules may adversely affect surface appropriators if groundwater withdrawals in designated basins start to injure the surface appropriators. Further, this
ambiguity could become significant when appropriators need to
change well locations to accommodate the depleted conditions of the
Denver Basin.
The other legal problem in the Denver Basin aquifers is jurisdictional. As discussed previously, with regard to the Denver Basin aquifers, two entities manage the same resource. The Ground Water
Commission governs the eastern half of the Denver Basin aquifers,
while the water courts govern the western half. Furthermore, although
the substantive rules in the designated and non-designated sections of
the aquifers are nearly identical, appropriators in designated basins
face significantly different procedures than those outside designated
242. TARLOCK ET AL., supra note 79, at 536.
243. See 2 COLO. CODE REGS.§ 410-1, R. 7 (2005); Sperling & Brown, supra note 86, at
284-85.
244. Sperling & Brown, supra note 86, at 285 (noting "[c] hanges from surface diversions to wells are not addressed in the Designated Basin Rules."). The problem arises

when ground water withdrawals cause a decline in surface flows. Id. It is unclear
whether these surface appropriators must file for a permit like any other new appro-

priator, or whether they are in a unique position because they are merely protecting
their vested rights. Id. This is especially problematic when the commission would deny
new permits because the designated basin is over-appropriated. Id
245. Sperling & Brown, supra note 86, at 304.
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basins. "All other things being equal, the more organizations that are
involved ...

the higher the transaction costs attending their coordina-

tion." "

Appropriators pay these high transaction costs since they must
deal with several agencies or expend time determining which agency
handles a specific issue."7
The jurisdictional split in management of Denver Basin aquifers
also affects management agencies. When considering the management of a unified resource, a management agency cannot respond as
effectively when its policies govern only half of a resource. Additionally, coordinating policy with other agencies is both difficult and costly.
Finally, there are ambiguous areas of authority where both management agencies claim jurisdiction. For example, until the Colorado
Supreme Court ruled in 1983, " the law was unclear as to which agency
had jurisdiction over groundwater that is essentially tributary within
designated basins. 9 In 1985, to achieve uniformity across designated
and non-designated groundwater basins, the legislature decreed that
the nontributary test would apply to all future designated basins.'m Yet,
management agencies did not apply the same nontributary test to all
designated basins until 1992." Problems remain because the Ground
Water Commission is primarily concerned with groundwater rights to
the exclusion of other water rights. Lastly, management agencies govern surface appropriations within designated basins differently than
surface appropriations outside designated basins.
A second jurisdictional problem entails the timeframe for augmentation in the Dawson aquifer. If "injurious depletions to vested [surface] water rights" continue to occur after withdrawals of not nontribu246. William Blomquist et al., Institutions and Conjunctive Water Management among
Three Western States, 41 NAT. RESOURCESJ. 653, 659 (2001) (discussing conjunctive management projects).
247. See, e.g., Colorado Ground Water Comm'n v. N. Kiowa-Bijou Groundwater
Mgmt. Dist., 77 P.3d 62, 66-67 (Colo. 2003) (holding the Ground Water Commission

has authority to determine the applicant's use right and the Ground Water Management District's authority did not begin until after the Commission issued the permit).
248. Pioneer Irrigation Dists. of Yuma County v. Danielson, 658 P.2d 842, 847 (Colo.
1983) (holding "[t ] he Colorado Ground Water Commission ...has initial jurisdiction

to make a determination of whether a ground water matter involves designated ground
water.").
249. An example of groundwater that is essentially tributary within designated basins
is the natural discharge of the Ogallala aquifer into running streams in northeastern
Colorado, such as North Fork of the Republican River. Sperling & Brown, supra note
86, at 277. On a related point, the meaning of the term "adjacent" remains unclear

under the second definition of designated ground water. See COLO. REV.STAT. § 37-90103(6) (a) (2004). Particularly, it is unclear whether "'adjacent' mean [s] something
less inclusive than 'hydraulically connected'[]" Sperling & Brown, supra note 86, at
278. Similarly, the term "principle water usage" is ambiguous. Id.
250. COLO. REv. STAT. § 37-90-10.5 (2004); Sperling & Brown, supra note 86, at 277.
The Upper Crow Creek basin is the only post-1984 basin. Id.
251. 2 COLO. CODE REGS. § 410-1, R. 4.2.19; Sperling & Brown, supra note 86, at 277.
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tary groundwater cease, Colorado law "mandates that a plan for augmentation replace such depletions.", 52 However, "[i]f. . . the water
court is unable to make a determination as to whether the depletions
will be injurious, it shall retain jurisdiction on the issue" for an appropriate period of time.2 5 However, injuries to surface appropriators may
linger for up to two centuries after withdrawals cease. 54 Augmentation
plans for not nontributary groundwater may not be sufficient because
augmentation plans are often based on return flows, wastewater, and
direct discharge, which results from pumping.255 For exaii.ple, if the
augmentation source is return flows, it is far from certain whether the
appropriator will still be around in the ensuing decades to pay for the
groundwater withdrawals, especially if there is little usable water left in
the aquifers. Consequenly, judges face the choice of either approving
a plan for augmentation that may be inadequate, or retaining jurisdiction until withdrawals end, following the statutory 100-year aquifer life.
2.

Physical Problems

Significant physical problems face Colorado in management of the
Denver Basin aquifers. The first major problem is the possible injury
to surface appropriators along the South Platte and in other Denver
Basins. Groundwater models 6 demonstrate that "vested water rights to
the flow of the South Platte River Basin drainages may be materially
injured due to groundwater withdrawal from wells legally developed in
the Denver Basin[.]"" 7 Excluding the Dawson aquifer and depending
on future ground water withdrawals, the average replacement required
to protect vested surface water rights ranges from 14.6% to 20.7% for
not nontributary groundwater outside designated basins."n "For the
nontributary non-designated areas, the average replacement required
ranges from 2.2% to 2.9%. " ' These replacement values are larger
252. Danielson v. Castle Meadows, Inc., 791 P.2d 1106, 1113-14 (Colo. 1990); COLO.
REV. STAT. § 37-90-137(9) (c) (I) (2004).
253. Castle Meadows, 791 P.2d at 1114 (addressing whether the Denver Basin aquifers
were connected to West Plum Creek in order to determine whether withdrawals of not
nontributary ground water would injure surface appropriators).
254. Id.
255. Id. at 1109.
256. The State Engineer's Office developed the ground water model of the Denver
Basin aquifers based on the United States Geological Survey MODFLOW code.
DENVER BASIN GROUNDWATER STUDY, supra note 76, § 9.2.
257. Id. § 9.4.
258. Id
259. Id.
In reality, the average replacement requirements may be somewhat less than
the range of values derived from the model results. This is because a portion
of the discharge to drainages may be to springs and seeps along the drainage
at points above the stream and alluvium and a portion may be lost to
evapotranspiration without actually entering the stream. In order to deter-
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than the current statutorily required replacement amounts. Accordingly, "the groundwater contribution to the South Platte River Basin
drainages is already as good as gone from the surface drainages, the
only question is when will the full effect occur, which could be forty
years into the future. " ' °
The second physical problem facing Colorado in management of
the Denver Basin aquifers is future depletion. Because withdrawal exceeds recharge, groundwater levels within the aquifers are declining.
These decreased water levels will eventually exhaust the aquifers. First,
withdrawals will become more costly with lower water levels, making
the use of Denver Basin groundwater less economical. Water users will
have to drill deeper wells, especially near the edges of the aquifers. 6
Additionally, more energy will be required to withdraw the same
amount of water. Depending on the location and number of future
wells, estimates for the long-term operation cost range from $500 to
$1,000 per acre-foot in the highly productive Arapahoe aquifer, to over
$2,000 per acre-foot in the Denver aquifer south of the Palmer Divide.26 Although currently this may be less expensive than purchasing
surface water rights in the South Platte Basin, the relative costs will
no doubt change over time. Further questions arise as to what water
users will do when the aquifers become physically or economically exhausted. Accordingly, with such high rates of groundwater withdrawal
from the Denver Basin aquifers, the valuable underground resource is
not sustainable either physically or economically. Ultimately, the cities
that rely upon the Denver Basin aquifers will not be able to subsist
without substitute water sources.
B.

Addressing the Problems Facing the Denver Basin Aquifers

While the Denver Basin aquifers may ultimately be a finite resource, efficient management can extend their use. This section

mine the magnitude and extent of these occurrences, extensive field studies
would be required.
Id.
260.
261.

Id.
See ld. § 14.2.
Denver and Arapahoe aquifer well sites in the central portion of the basin
may be able to operate for a long period at high pumping rates without requiring additional wells to meet projected demands. The analyses show that
at these locations additional wells are not required in the Arapahoe aquifer
before 2085 and that additional wells are not required in the Denver aquifer
until 2075.

Id.
262. Id.
263. See generally Water Colorado, http://www.watercolorado.com (last visited on
Dec. 28, 2005) (classified advertisement listings to buy and sell water rights).

SUSTAINING THE UNSUSTAINABLE

Issue I

briefly examines proposed current solutions and explores some new
solutions.
1. What Is Being Done Now
Currently some water districts are taking several steps to address
the problems regarding the Denver Basin aquifers, including artificial
recharge and the creation of new political entities. Two water districts
M
The Centennial Water and
currently engage in artificial recharge."
Sanitation District takes water from McLellan reservoir to the Centennial waste treatment plant and then injects that water into the ArapaIn 1996, Centennial Water and Sanitation District inhoe aquifer.'
jected 654 acre-feet into the Arapahoe aquifer.' The Willows Water
District, in conjunction with the Denver Basin Aquifer Recharge and
Demonstration Project267 concluded, "[a] full-scale injection, storage
and recovery project in the Denver Basin is technically, economically
and institutionally feasible."' Based on 1997 prices, consultants calculated that the cost of delivering water to the well, injecting it into the
Arapahoe aquifer, storing, and recovering it would be about $800 per
acre-foot." Further, the specific rules governing the withdrawal of artificially recharged Denver Basin groundwater outside of designated
basins do not apply within designated basins. 270 Accordingly, artificially
recharged groundwater outside the boundaries of the designated basins is fully consumable or reusable." Further, "[a] rtificially recharged
water may be retained in the aquifer indefinitely by the person who"
injected it, although the right of others to continue withdrawals are not
affected."2 Although artificial recharge may prolong the life of the
aquifer and offers low-evaporation storage, of course, the question remains where the recharge water will come from.
264. TOPPER ET AL., ARTIFICIAL RECHARGE OF GROUND WATER IN COLORADO - A
STATEWIDE ASSESSMENT ii (2003), availableat
http://geosurvey.state.co.us/portals/0/ARExecSum%20for%20web.pdf (last visited

November 11, 2005). Artificial recharge is "any engineered system designed to introduce water to, and store water in, underlying aquifers." Id. at i. There are several types
of artificial recharge technologies, including direct injection, which recharges water
directly into the saturated zone of the aquifer. Id. at ii.

265.
266.
267.

DENVER BASIN GROUNDWATER STUDY,

supra note 76, § 7.1.

Id.

JOHN C. HALEPASKA & Assocs., CASE HISTORY OF AQUIFER STORAGE AND RECOVERY
IN THE DENVER BASIN AQUIFER, 1-2 (2005),

http://www.hydrologyconsultants.com/AEGpaper.pdf (last visited November 11,
2005). This project was part of the High Plains States Groundwater Project of the
United States Bureau of Reclamation conducted from 1990 to 1997.
268. Id. at 14.
269. Id. at 13.
270. See 2 COLO. CODE REGS. § 402-11, R. 3.1 (1995).
271. Id. at R. 5.1.
272. Id. at R. 7.4.
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Consultants have examined five alternatives for meeting the southern Denver's future water needs. " Each proposed alternative would
significantly reduce withdrawals from the Denver Basin aquifers. 74
However, the initial capital construction costs range from approximately $1.1 to $2.3 billion, and total costs range from $2.3 to $4.0 billion.27 Even for a conservation district in an affluent area, which has
the ability to tax and marshal funds for these projects, these costs are
no doubt high. Although no entity has acted on these proposals, as
water supplies dwindle action will become more likely."
2. What Could Be Done
While possible solutions are endless, this article surveys several options, none of which is mutually exclusive. The first option is to consolidate the management of the Denver Basin aquifers. The state
could be overlooking this solution because the current rules for allocating water inside and outside of designated basins are substantively
the same and consolidation would not directly address the ultimate
depletion of the Denver Basin aquifers. However, consolidation could
clarify jurisdictional confusion, reduce transaction costs for management agencies and the public, and facilitate future policy coordination.
Consolidation of management agencies would facilitate policy coordination and decisions associated with water rights transfers, augmentation plans, dwindling groundwater contribution to the South Platte
Basin, and the ultimate life span of the Denver Basin aquifers.
The state could consolidate authority by either extending the
Ground Water Commission's authority over the western half of the
Denver Basin aquifers or extending the water courts' and the state engineer's authority over the eastern half of the Denver Basin. However,
extending the authority of the Ground Water Commission may be
problematic because the Commission does note deal with tributary
groundwater. Conversely, extending the jurisdiction of the water
courts and state engineer at the cost of the Ground Water Commission
would eliminate the local control created by the 1965 Act and create
additional work for the water courts. However, under either scenario,
the institutional interests of the Ground Water Commission and the
water courts would likely resist any reduction of their authority.
An alternate solution is for the state to create a management
agency to oversee and coordinate policy across the Denver Basin.
273. BLACK & VEATCH ET AL., SOUTH METRO WATER SUPPLY STUDY 4-7 (2003), available
at http://www.crwcd.gov/news/reports/SouthMetroWaterSupplyStudyll-03.pdf (last
visited November 11, 2005) [hereinafter SOUTH METRO WATER SUPPLY STUDY].
274. Id.
275. Id. at 12.
276. See e.g. H.R. 1298, 65th Gen. Assem., 1st Reg. Sess. (Colo. 2005); S. 83, 65th
Gen. Assem., 1st Reg. Sess. (Colo. 2005).
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However, while a management agency responsible for coordinating
policy across the Denver Basin would intrude less on the institutional
interests of the Ground Water Commission, water courts, and the state
engineer, it would create an additional level of bureaucracy.
A second possible option for extending the aquifer life is to address
the current and future injury to surface appropriators by imposing
higher recharge requirements. Considering that current recharge
rates for not nontributary groundwater are four percent, and that fifteen to twenty percent is required to avoid injury, this option would be
unpopular among groundwater appropriators. Existing augmentation
plans further confound the issue. Implementing this option is troublesome, because the current four percent recharge rate is statutory, "'
and the General Assembly would have to legislate any change in the
recharge requirements.
A third option is to address the current and future injury to Denver
Basin surface appropriators and the long-term sustainability of the
Denver Basin aquifers is to limit growth. In addition to local growth
ordinances, the state engineer could slow growth by reducing the
number of permits issued. However, currently the state engineer does
not have the authority to limit permits in this way. If the law was
changed to give the state engineer this authority, the unelected state
engineer would have immense discretion over both water and nonwater issues. Admittedly, any decision of the state engineer has impacts beyond water. However, if Colorado were to give the state engineer discretion to consider non-water issues when allotting permits, it
would be a unique and unprecedented act. Any such measure would
face significant opposition, especially given the high growth rate of the
area.
A fourth option is mandatory conservation. Unlike surface water
conservation measures, which are inefficient because water can flow
away, water conserved in aquifers remains relatively stable. However,
appropriators have no incentive to conserve because they do not receive credit for groundwater that they do not withdraw. Thus, conserved groundwater is available for other users to appropriate."
To implement conservation of groundwater, the state engineer
could impose stricter requirements on permits and permitted uses.
However, this creates equity problems between earlier and later appropriators, as well as possible permit transfer problems. Alternatively,
appropriators could receive credit for the entire amount of their permit, regardless of the amount of actual withdrawal. Under this option,
appropriators may seek inflated permits, but it would create an incen277.
278.

COLO. REV. STAT. § 37-90-137(9) (c) (I) (2004).

In contrast, "[a]rtificially recharged water may be retained in the aquifer in2 COLO. CODE REGS. § 40211, R. 7.4.
definitely by the person who has injected the water[.]"
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tive for appropriators to withdraw less groundwater, and it may increase efficiency if appropriators could transfer the water they do not
use.
A fifth option is supplemental water. However, this solution begs
the question of where such supplemental water would come from in an
already over-appropriated state. To find new water sources, the courts
and state engineer would have to realign existing water rights. The
South Metro Water Supply Study suggested purchasing water rights on
the South Platte River on the Eastern Slope and the Blue River on the
Western Slope." Although this supplemental water would certainly be
helpful, it is important to keep the limitations and scale of the South
Metro Water Supply Study in perspective. The study "assumes a 15%
percent reduction in outdoor water use, along with expanded reuse
wherever practicable." ° Additionally, "[i]n every [proposed] alternative, the artesian pressure will be depleted or reduced over the next 20
years, '81 and the South Metro Water Supply Study only projects future
needs to the year 2050. Considering the life of the Denver Basin aquifers, the South Metro Water Supply Study fails to consider the future
water needs and costs. Because the South Metro Water Supply Study is
limited to the more perceivable future, it tends to ignore larger questions of sustainability.
A final option is to accept the complete mining of the Denver Basin aquifers by a certain year and begin planning in earnest for alternative sources. The current legal and regulatory structure already implicitly assumes the mining of the Denver Basin aquifers by providing for
their withdrawals while acknowledging the lack of adequate recharge.
The real challenge lies in planning for the future, when the Denver
Basin aquifers are no longer a seemingly endless supply of water.
Planning will, of course, need to address how a region whose growth
was spurred by the massive supply of groundwater can transition to a
future without the Denver Basin aquifers. The answer would logically
seem to be early preparation, that is, conservation, growth limitation,
and alternative supplies. Although this future may be all but certain,
and just around the corner on a geological timescale, politically, the
exhaustion of the Denver basin aquifers is far off indeed. The political
will to plan, and stick to it, are an undeniable weak point.
V. CONCLUSION
The Denver Basin aquifers face both short and long-term sustainability problems. In the short-term, groundwater withdrawals will become more costly and withdrawals continue to injure surface appro279.

SOUTH METRO WATER SUPPLY STUDY,

280.

Id. at 4.

281.

Id. at 16.

supra note 273, at 5.
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priators. In the long-term, withdrawals will eventually exhaust the
Denver Basin aquifers, forcing residents and industry to find new
sources of water. Although one can use reason and analysis to outline
various courses of action, the solution and legislative response may
ultimately be a political question for the citizens of Colorado.
VI. APPENDIX: COLORADO GROUNDWATER LAW TABLE
This table is a reference for general principles of Colorado
groundwater law in the Denver Basin. Please consult the text for specific questions of law.
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